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4.0 GN&C, Aeroheating, Mars Landing (Continued) 

Preliminary Mars Landing Sites Between ± 20° Latitude 4.34 

Preliminary Mars Landing Sites Between ± 20° Latitude (Page 2) 4.35 

Preliminary Mars Landing Sites Between ± 20° Latitude (Page 3) 4.36 

Preliminary Mars Landing Sites Between ± 20° Latitude (Page 4) 4.37 
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5.0 Radiation Protection (Continued) 
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5.0 Radiation Protection (Continued) 
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'. Identify and prioritize enabling and enhancing Completed initial technology requirements 

technology requirements... assessment against Option 5 and 

alternatives. 





Mars Mission Vehicle in LEO 
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1 and 5 is that option 5 carries a surface reconnaisance vehicle into Mars orbit on the MEV (it is not 
shown on the chart). The surface reconnaisance vehicle is launched from the Mars parking orbit to 
perform robotic exploration of a future human landing site. 








Mars Transfer Operations 
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Acronymns: AB - aerobraking; MEV - Mars Excursion Vehicle; MTV - Mars transfer vehicle, 
includes trans-Mars injection stage as well as transfer propulsion and hab; MAV - Mars ascent 
vehicle; LEO - low Earth orbit; ECCV - Earth crew capture vehicle (like an Apollo command 
module). 













Principal Findings Dec. 1989 

This page summarizes results presented at the first study review. Definition of a baseline 
cryogenic/aerobraking system that could perform all of the mission opportunities of interest 
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The high-Isp NTR item was described on the previous page. The technology advancement strategy 
is presented later in the briefing. Our conclusion was that an advanced propulsion technology path 
can be chosen befor full-scale development funding. 
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Second Quarter Findings, March 1990 
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• Novel mission modes. 

• Extensive potential for commonality at major subsystem level. 

• Significant advantages for advanced technology; ambitious lunar/planetary activitv 

can be supported. 3 

• Opportunities for synergistic evolution of architectures and technologies. 
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MEV Aerobraking Constraints 
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Aerobraking and Landing Summary 
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ment. On the other hand, if the latitude band requirement is enlarged, still higher L/D might be 
required. 
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Long-Duration Habitat Trade Study Summary 
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Habitat Module Evolutionary Context 
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Advanced Propulsion Summary 
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Evolutionary/Innovative Architectures Summary 
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Benefits indicated if we can separate functions of delivering hardware and 

delivering propellant. There are numerous launch system concepts for low-cost 
delivery of propellant to orbit; not applicable to delivering hardware. 
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Complete Requirement Example 
Reduced Graphics Example 
Text Only Example 
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STCAEM Requirements Database 
System Description 
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STCAEM Requirements Database 
Development Plan 

Objectives 
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Database Accomplishments Since Dec. 1989 


! 






(3 









• • • • 


n 

CO 


a 

o 


i 

m 

CD 


Q 


Improved Output Format 
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STCAEM Requirements - Complete 



nfiiR-mnnq 







STCAEM Requirements Reduced Graphics 
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Mars Trajectory Data 
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Venus Swingby Data 
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Trajectory Information for Mission Opportunities 
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Orbit Insertion Lighting Angle, Latitude, and Approach Turning Angle 
for 2010 to 2025 Mars Mission Opportunities 
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Orbit Insertion Lighting Angle, Latitude, and Approach Turning 
Angle for 2010 to 2025 Mars Mission Opportunities 
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2010 Opposition Class Mission Trajectories 
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2010 Opposition Class Mission Trajectories 
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2017 Opportunity, 450-day Mission, No Aerobraking 
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2017 Opportunity ,450 Day Mission 
80 Days Outbound, No Aerobraking 






Coordinate Definition 



MCtC.IAAnQ 






Communications Coordinates at Mars 


CO 

P 

o 

•E 

a 

> 

<L> 


co 


D615-10009 3.14 



o 


s 

s 

© 


UJ 

o 

ffl 


CO 

i. 

08 


C8 

co 

0) 

IS 

a 


o 

o 

U 

CO 

a 

o 



.2 « 

£s a> 

a of 
a> q 
co <j 




a g 

.2 3 

»-2 

*3 es ■* 

3 ai'= 

s ss 

E2£ 

© cn 

WS 


s 


* 


a 


V) 


a 


rq 


rq 

fS 

rq 


e 

U 


rq 


(S 


rq 

rq 


rq 

IT) 


s 


s 

a 

a 

O 

fr> 

»■* 

8 


IT) 

OO 


m 

rq 


U) 


a 


o 

V 

g 


3 


r- 

rq 


a 


in 


in 

p\ 


a> 

u 

a 

£ 

i£ 

& 


in 


is 


r^ 

IS 


IS 

in 


VP 

o\ 


§ 

< 

a 

► 

s 

in 

s 


en 


t^ 


f** 

fS 


a 

o 

U 

in 


p\ 

rq 


s 


*n 


«n 

+ 

a> 

fiti 

a 

V) 

8 


t>> 

«o 


«n 


rq 

«« 


*3 

a 

S 

e 

Z 

g> 

§ 

SQ 


rq 


rq 

rq 


s© 

a 


9 


oe 

rq 


a 

10 

331 

11 


o 

00 

«■* 

8 


r* 

3 


rq 

8 


o 


0 


I 

00 

8 


00 

r- 

<s 


IS 

IS 


IS 


VO 

ON 

• 

IS 




i 

8 

8 


©s 

rq 

rq 


«/i 

rq 

rq 


rr» 

©s 


0 

fS 


in 

in 


© 

u 

s 

2 

B 1 

o 

U 

* 

* 


0 


s 


tf) 


& 

s 

o 

g 


00 

in 


is 


NP[ 


$ 

rq 


v? 


CJ 

a 


o 

U 

g 

8 


I 


O 

1 

a 

a 

O 

g 

8 


rq 

in 


8 


© 

v 

g 

8 


in 

♦ 

co 



5 ° 

2 r-4 


I 

m 


0A CO 


i, property of tbe Boeing Company 







































s 

C8 



D615-10009 



GN&C, Aeroheating, Mars Landing 
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- Results 



Aerocapture GN&C Analyses 
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Aerocapture GN&C Analyses 
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Guidance, Navigation & Control 
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< comparison of the atmospheric deviation obtained 
with the MARSGRAM and Optic codes 







Guidance Schemes for Aerocapture 
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Mars Aerocapture Trajectory - Finite Roll Rate 
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Mars Aerocapture Trajectory Design Approach 


c 

* 


►* 2 

•°g 

3 ^ 

4) 


« > 
.52 s 

3 « 

.52 « 


co {3 

S o 

O 3 
X — 

W 


1 ° 

4) 00 
JQ V 

§ « 
u C 
>»— 

l- 2 

V 60 
3 ’C 

8 u 

«-S 
•2 o 
3 ~ 
8 •§ 

2 £ 


3 aj 
CJ _c 

cd 3 

§ O 

A 4-» 
P* 

C o 

.s?i 

•S*s* 

IrS 

4) 

^ *c 

2 5 

e §2 


22 ^ 
00 00 < 

« 'C 3 

±3 «CjO 

G u 

. 5 8 
Sc 2 

o .2? >> 

O « -o 

^ 3 

ot § 

sS 8 

'ob 1 9* 

§ 

co co 
33 ed 5 > 

5^8* 
*5in 1 

* **H 5 

.§>9 4 ! 

CO M ® 

« 3 « 

3 O 00 

•r 2 

S < 4-1 *" 

4) O 4> 

is’ 3 

1.8 « 

5 jj« 

.3 § “ 

S <-> cfl 

** <D 

ofit) 

^ ^ CO 

"S §• 

£ .2 Cm 

£ tS o 

5 S 2 a 

" - a 
^0) 

^-h c D 
0 ) C £ 
^ co * 

« co «* 

5 .S ° 

§11 
3 GO 3 

O .2 u 

1 ^| 
p ^ CO 
3 Pd e 
• xx P <D 


U >> >^ 

r* <*x 4 -j 

*7*1 *xX • 

CO co 

o c e 

N 4) 4) 

3 3 *0 
fl i i 

c 5 oo 

o x: 

~ o 

if 2 

*n£ o 

S p 

O H . 

Q 2 <*-» 

1 & s ‘8 

sis- 

u °‘G 

P 4-» P 
C *xX 

,3x3 

“ V C 
8 £ j 2 

2 g 2 

e E g 

<2 2 3 

^ M 3 

_r 4» £ 

1 ? W> 4 > 

2 3 S 
cd 3 4) 

003 a. 

*§> g> 

* 2 E 

^^3 

£ ja S 

On - 

iMi W 

sfe 
s s “ . 

Jm CO CO Si 

g-e-- 1 
© — 

3 *G oo *2 

3 *5 £ 4> 

£>* = I 

§ -g £ | 

f °Jj 

-3 8 8 

3 cd 3 3 
fl O 3 Om 
3 GO M 
2 0 0 

I i 11 

pX co CO CO 




D615-10009 Time, sec. Time, sec. 












Mars Aerocapture - Guided Trajectory Examples 
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Atmosphere Entry Conditions for "Slalom Course" Maneuver 
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Atmospheric Entry Conditions for 
" Slalom Course" Maneuver 
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Slalom Course" Maneuver Profiles 
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Orbit Correction Analysis 
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(Aeroheating) Methods and Assumptions 
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Aeroheating Methods and Assumptions 
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- Axisymmetric Analog 

-Pressure Distribution: Newtonian Impact Theory 
-Laminar Flow (Re transition = 2 x 10 6 ) 




Mars Aerocapture Stagnation Point Heating 
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Mars Aerocapture Stagnation Point Heating 
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Mars Return Aerocapture Stagnation Point Heating 
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Aeroheating Principal Findings 
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Aeroheating Principal Findings 
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Needs 

- Improved Analysis for Non-Equillibrium Radiation in CO 2 Atmosphere 

- Engineering Methods for treating Non-Axisymmetric blunt body flows. 




Importance of Landing Site Analysis 
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mportance of Landing Site Analysis 
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Preliminary Mars Landing Sites Between ± 20° Latitude 
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Preliminary Mars Landing Sites 
Between +/- 20° Latitude 
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Preliminary Mars Landing Sites 
Between +/- 20° Latitude 
page 3 
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Landing Cross-Range Analysis 



Landing Crossrange Analysis 
(5km Landing Altitude, Low Density Atmosphere) 
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Mars Descent Analysis Findings 


r*«i Minns 



Mars Descent Analysis Findings 



© — 
S g* >*’5 

a o & ^ 

Mi PPfi Ctt 

©^ 5 g 

o©^ •© ,2 

a f 5 u s 

.S U -M ^ 

•O £ C JB 
a o o cn 

08 fe W P 

xi — 2, * 
^ a <N 
fi *r o 

o « ^ 

-a © © <s 

8 2 5 ^ 

s| «t 

; 22 ® 

SSHgi 
T3 © a 
gSo- 
lit * 

b Sg a ^ 

*C 2 8 is 

S3 *■ « 2 

ftJJ W £ 

*SH 2 

=<11 * 

•po J? 

u e -fi 
S3 a © S 

a a -fi s 
5 §3 fi © 

© M Cfl b 

5 o) s m 

a a* o> c 

S © j- © 
•a • c 

© js a e 

U © © © 

« > a 5 
fi © ^ *^ 

£ fei ® 

««S5 u fe 

c .fi .© . 


© 

5 *o 
© S 

U w 

<s.s 

® a 
» E 

*■* s 

-a © 
S3 Jjj 

«v “ 
2 § 
l 2 

S x 

*»0 
.ts j 
>. 

a g> 

u fi 

©c-a 

Cm 2" 

o c 

u 3 
© CL 


. fi 
a, © 
© « 
Vj © 

-a x 
© ^ 

4 © 
fi .* 
b a 
-fi u. 

2 -fi 

fca a 
© u 

a S3 
o a 


o 

© 

2 fi 

e £ 
a .o 
** a 

ts 

a © 
sfi *■ 

•a © 

a X! 

a H 



o 


i 

in 


co 

Q 


area of 10% of the aerobrake 



Aerobrake Shapes 
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Mars Landing Simulation with Aerodynamic Flare 
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Radiation Protection Requirements Summary 
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Prom Level II - Human Exploration Study Requirements: September 8,1989 
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Units & Terms Used to Describe Human 
Response to Ionizing Radiation 
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Values are based on the most detrimental biological enects irom 
dose exposure 

Values for many high rate exposures may be considerably lower 
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Units & Terms Used to Describe Human 
Response to Ionizing Radiation 

(continued)__ 




< 4-1 

o 

CO 

<L> 


e 

8 


G g 

o £ 

•a s 

G cd 
^ > 

N <D 
C £ 

o w 

.a oo 

bJQ c 

c § 

•M X 

w> P 

Cd W 

i | 

>> I 
Gh flj 

ed s 

o 3 

CO 
SP cd 

o 0> 




a 

5? 4h 

Q o 

<W ' M* 

■ c 

-*-» G 

s o 

£ S 

ed ed 

. 2 : « 


'&S 

W • 

o> 

CO 

O 

Q 


cm o_> 

° s 

•g 

5 a) 
c M 

O ' 

S-S 

a § 

© HH 

U co 


8 


gcx 


It 


Q 

ll 


co W 

-H Q 


a 


<D 


WiQ 


in 


D615-10009 





t! fi tfl 

O O U 

i§ 

0) e« 

*3 1 

&3 s 

U e& 
Z o o 
« c S 

£ O O 


G M £ 
o «« *ts 


cd 


cd cd 


CO 


** cd 

.fs^ 


13:1 3> 


w 

8 


s ii 

2 S 13 

*i—< a) a> 

g 2 § 

Sft, o,' 

O* 2 

C y D. 
oZ 1 2 * 

21 a 1 

"£S 

►S •* 

2 . » 


*3 22 o 52 
6 «S *S 

*2 cd 

Cu c 
U C c <u 

eg e .5 <u 
o a. <» 
^ 13 ?3 v 

iff! 

§-| 1.3 

< 2 a 3 » 

1 S5'2 < 

ftfijU 

.5-5 ^ 

£ T3 U « 
^ « C *- 

& g « £« 

g | a 3 

£ •» *a g 

£ 2 J o> 

2 > •£'° 
3 «|2 
o Sg-o 

•S |SI 8> 

fi f-n 

§ s* 

5 «*S 




CO 


w Oi ..^ 

•»■* Js c 

««.i 

§s i 

: 8 B sg 

£f* 

O o “ 


2 


co 


« >% 


R G 
u.2 o 
■S 60 2 

w 03 Cd 
<M *3 « 

o S 04 


"O « ^ 2 

•g>8 § g, 

1 s §i 

£ ffs I 

;-sS s = 

5 o g <2 
I S.S o I 



Short Term Dose Equivalent Limits and Career 
Limits for Protection Against Nonstochastic Effects 



Radiation Received in Space Activities, NCRP Report No. 98 
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Dose comparison data from Dr. S Nachtwey, report Grom "Health Physics, August 1988 
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From the SICSA Outreach Journal; Vol. 2,No. 3, July-September, 1989, Stuart Nachtwey 
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Nature and Location of Electromagnetic and 
Particulate Ionizing Radiation in Space 



^ 6 am Galactic and solar radiation 
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Workshop on the Radiation Environment of the SPS, J.W. Wilson 
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South Atlantic Anomaly 

- Caused by combination of [1] anomaly in geomagnetic field over South Africa 
and [2] slight displacement of dipole axis (10°) from Earth's rotational axis 
• Proton intensity for energies >30MeV are observed at altitudes between 200 
and 400 km, approximately 1100 to 1300 km below normal 
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Radiation Environments (continued) 
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Relative Abundances of GCR Nuclei and a Measure 

of Their "Ionizing Power” 



Prom Guidance on Radiation Received in Space Activities: NCRP Report No. 98 
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Radiation Environments (continued) 
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-v Large solar Hares can have Huences greater > 10 protons/cm with energies > 10 MeV 

- Potential of delivering extremely high dosages in short period of time 

** Small percentage of flares will be of sufficient intensity to emit large proton fluences 




D615-10009 







#s 

a 


>> 

•o 

a 

o 

o 

a 

■O 

C*M 

CO 

a 

CO 

a 

o 

xs 

% 

a 

o 

a 

% 

DC 

CO 

<** 

O 

C 

O 

c 

JO 

■& 


u 

i 

o 

IS 

u 

*5 

"a 

mm* 



CO © 

a 

o h 

<p 


u 

,o> 

c e 


Z *0 
2 a 

a 

o 

t- 

Sf 

C 

c a 

CO 

0) 

O co 
3 G 

E 

S ^3 

o 

u 

C 

8 gf 

2 

? s 

"33 

2 g 

C 

ca © 

•“ O 

jg 

£ *5 

+* 

~ E 

Q 

WJ © 

G 

© U 

DC 

/■a 

E a 

CQ 

E 

2 


X s 


■o-s 

«*• 

o 

1 ? 

c 

o 

o 

.2 DC 



r 

o 

ts 

a 2 
CL CL 
DC 

a 

S 

2 

• 

• 


% 

DC 

C 

a 

& 

a 

CQ 

2 

CQ 

C 

u 

a 

o 

co 


© ^ 
<2 u 

Si 

G O 

7.8 

"« 2 
► XI 
« « 
© « 
a£ 

a> e 

Ijf 

3 | 

2 x 

<*> “ 

© tz 

Ef 

e 2 

© © 

is 
®© 
CO 4 


*2 

a> 

s 


GO 



-g 2 * 5) 
<=»?£■§ 
ji; §i 

i|Eii 

a § s b £ 

© j2»ja S “ 
.©<5 © 

«Ok> a ; 
© ft o h> © 

e e — m ° 
25c;« 

«s «■© *x 

Sg^o E B © 

«S © « g 

li S31 

3 <?■§ 'S.<s 

« g § © C 

-■Slu 


Ofi -- 

u © . _ 

s g u b 
2 >>8.S 
« ffS ■ 

©ai u £ 
S. s © 2 

Ofi U 8 


5 m ( 


O 

4> w 
Urn 

o 

c» 






f*l 

<s 

iri 



Radiation from solar flare extends from radio to x-ray wavelengths 

Most flare events last about an hour. ALSPE, highly lethal occurrences are relatively 
rare but will last for hours or even days 
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Mission Opportunity Stay Time Coincidence With 
Predicted Solar Maximum and Minimum Years 



lost probable occurrence of "global" dust storms 
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Altitude and Dose Comparison for Mars Using 
High and Low Density Atmospheric Models 
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MTV Habitat Galley/Storm Shelter 



• 40m3 total volume 

• 9m3 free volume 

- 1 • Floor and ceiling require dedicated 

Plan composite shield panels. 
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Consumables Provisioning for MTV 
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3 % supplemental may be grown onboard (not mission-critical) 
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Synergistic Usage of Consumables 
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Radiation Research Concerns 
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(7) Variable pressure distribution, Range 1.5psi to 3psi (81MT); 2.9psi to 5.9psi (153MT) 

(8) Structure temperature = 394K (250F) 

(9) Secondary spar pattern to be triangular for greater shear resistance 
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Aerobrake Structural Design 
Plan View of Aerobrake Structure 
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Mars Aerobrake Structural Mass Comparison 
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Shuttle-Z 3rd Stage TMIS 
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Dual-Engine Manifolded Plumbing 
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Shuttle-Z 3rd Stage TMIS 
Single-engine Version 
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Shuttle-Z TMIS Mass Statement 
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• Mass more critical for transportation systems than for LEO facilities 

• Crew system is the MTV payload; comprises about 1/4 of MTV mass 

• Sizes propulsion system, structure, aerobrake (if one) 

• Constrains integrated vehicle configuration for some propulsion options 
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Regardless of specific results, we would expect advanced habitation systems (such as planetary 
bases) to be comprised of both kinds (SSF-derived and advanced) of elements. 
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Select a reference concept for immediate application in current MTV concept 
definition for the STCAEM Study 



MTV Habitat Trade Space 
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MTV Habitat Trade Space 



































































































Pressurized Cabin Diameter Comparison 
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Pressurized Cabin Diameter Comparison 






MTV Hab Trade Tree 
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Habitat Concept Nomenclature 
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Habitat Concept Nomenclature 
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MTV Hab Trade Discriminators 
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MTV Hab Trade Non-discriminators 
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Furnishings 

Hatches & windows 

(used specifically for EVA) 


MTV Habitat Trade Study Assumptions 
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MTV Habitat Trade Study 
Assumptions 
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• Galley / slorm shelter structure Integrated with floor structures above and below 
(structural advantage of deep-beam configuration to keep weight down) 

• Gravity-condition options emphasized (higher outfitted weight; must also accommodate 
pg regimes; result facilitates commonality with surface applications) 
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MTV Hab Trade Volume Guidelines 







(no&rad / £v<n) a®“ n l°A aypadS 


ORIGINAL PAGE IS 
OF POOR QUALITY 


ORIGINAL PAGE IS 
OF POOR QUALITY 




2 


e 

9 


S 



Blulh. B J. Soviet Space Station* a* Analog* (NAOW659), 1986 
Boeing SSF WP-01 Data, 1990 
Boeing STCAEM Study Data (NAS8 37857), 1990 
NASA/ISC Man-Syilcm* Division Data, 1989 

n at »l fVitaft for Cnara lOflS 



Module Structure Concept Guidelines and Assumptions 
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Note: Reference habitat structure design guidelines derived from MSFC-HDBK-505 Rev. A 




Representative Geometry Options to Scale 
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Representative Geometry Options to Scale 

4 Crew 
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Representative Geometry Options to Scale 

6 Crew 
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Representative Geometry Options to Scale 

10 Crew 
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Representative Geometry Options to Scale 

12 Crew 









Topology Analysis Metrics 
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Module Cluster Topology Analysis 
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Module Cluster Topology Analysis (3) 
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Topology Metric Analysis 
Aerobrake Integration Factor 
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Topology Metric Analysis 

Aerobrake Integration Factor 















































Topology Metric Analysis 
Safe-Haven Split Factor 
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Topology Metric Analysis 

Safe-Haven Split Factor 



Requiring the worst-case safe-haven scenario to leave at least half the original habitable 
volume (Fss > 0.5) eliminates many possible topologies _ 




Topology Metric Analysis 
Spatial Units Factor 
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Opportunities for spatial variety may be enhanced in clusters consisting of more modules 























































Topology Metric Analysis 
Parts Count Factor 
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Topology Metric Analysis 
Proximity Convenience Factor 
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Topology Metric Analysis 

Proximity Convenience Factor 




Topology Metric Analysis 
Circulation Efficiency Factor 
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Topology Metric Analysis 
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MTV Hab "Tunnel" Arrangements 
Cross Section Properties 
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MTV Hab "Tunnel” Arrangements 

7.6 m-diameter Cross Section Properties 
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MTV Hab "Tunnel" Arrangements 

10 m-diameter Cross Section Properties 
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MTV Hab "Tunnel" Arrangements 

4.4 m-diameter Cross Section Properties 
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(continued) *•<* 
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Geometry Analysis Metrics (2) 
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Geometry Analysis Metrics (3) 
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Habitation Module Geometry Metrics 
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Habitation Module Geometry Metrics 
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Habitation Module Geometry Metrics 
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Geometry Metric Analysis 
"Inhabitability Factor" 
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Geometry Metric Analysis 

"Inhabitability Factor" 



There is more specific nominal floor area in stacked configurations 
than in tunnel configurations, regardless of module diameter. 









Geometry Metric Analysis 
"Vault Factor" 


•s2| §3 | 

ll 8-»SS 

,2 i sill 

° s-s fa's 

• 2 gjS § s 

o x *±3 ft? 

•s 


o 

u 


s ° S 

£« J 


3 O O M 
JS U Vm O 

: « g o i 

'cm ^ 


O u w 
Oft 


9 .S 


-|!f la 

: ® J * S 

* oo* 2 p 

8 82 i |.2 
a. g § ^ : 3 w 
«:f 2>s 

t= * o « a> 


« 

e 

i 

£ 


e 

o 


•o «.2 
•S 8*2 


5 *a c ^ 

^“sS-§ s 

75 -n 

5 "<3 _ 

& c 25.S s 
Si’S . S| 
s 2 af |<8 

M 

•s 


M 

1 § 


Iill11 

| J J ’5 § •§ 

«8i*Th« 

° j ti J §• 

t; *3 _ co s 


09 

CO 


•fi 

i 

.2 *« 


_ « 
2 o 


> .2 j> 

cjo 

U «3 *a 


n 


D61S-10009 g.(9 



Geometry Metric Analysis 
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Small-diameter and medium-diameter stacked modules 
have less generous overhead vaulted spaces. 





Geometry Metric Analysis 
"Domain Factor" 



S> 8, 


14 

l.s i '’ 2 

9 0 h *G 

§3 « « 
s 3 5 g 

Jill 

2 i 

lift 

S"«'E . 

ill it 
1*1 ft 

4111 8 

o 8 g S 

L S 23 

3 * s • 

-• a|;|' 

S* o 

e § *o 

1 Vi a 

8* 18-8 
I of "a 

ii£|U 
13 3 g « fi 

D O S 1 


£ 

O 


> > 


00 


S*f§ 8 

l| if 

S s.il 


g*o 

illl! 



f8.iSl 


D61S-10009 



Geometry Metric Analysis 

"Domain Factor" 



Small-diameter modules would seem to cover more territory, 
but larger diameter modules allow shorter emergency access times, 








Geometry Metric Analysis 
"Hallway Factor" 
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Geometry Metric Analysis 

"Hallway Factor" 



Medium and large diameter options provide 
more evenly-proportioned spatial units. 





Geometry Metric Analysis 
"Spaciousness Factor" 
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Geometry Metric Analysis 

11 Spaciousness F actor" 



Domed spaces appear more spacious for small crew sizes. With fixed 
diameter, barrel-vaulted spaces trade better for larger crew sizes. 






Geometry Metric Analysis 
M Variety Factor" 
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Geometry Metric Analysis 
"Variety Factor" 






Geometry Metric Analysis 
" Elevator Factor" 
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Geometry Metric Analysis 

"Elevator Factor" 






Geometry Metric Analysis 
"Perimeter Factor" 
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Geometry Metric Analysis 

"Perimeter Factor" 







Geometry Metric Analysis 
"Pathway Factor" 


S 


* * *- -a .2 3 5 

gg* 

wi * *o b 

•si§i 

S’3 8 * 


__ g p O 

.S 2 8 4 a «• 5 


3 4> 


Iz !.i §•£ 

1 2 <3 g fi | > -3 -s .§ 

s'Se'So s§-S 

2 3 * S « ‘5 .2 *3 S - 


»-a 3 5 5 



9 

ri.tiie.siii 

a s jl Hf 

8 s 1 « jj e •! 

i >i!i r! 

** S °*-S 8 

l 2 |l|ii 

9 > .O t** ** 

4 99 O 
0Q S ^ 2 

3 mS s §» 8 

s.® g 1 = | slii 

g I © s J s s -s § s 

»oo w ’S . g *» «.2 

a a -1 ^ §■ J 2 si 

g.| M - 8>|1 3 31 

•a rt O ^ w W . 

» 
& 


2 i^S s l.s|c B 
2 = s aS s|£ 51 
Jg " g >.2 " sj - ® 

S 


3 

C 


cues 

_ wmm Mj 

of?o«J.s’a w o 

|sl 8 s .s !| i 

itisi!|ii 

s 8 !®*o s-s ? *a 



5 O *3 

rV*« 

!J|-ss 

531 . 3.8 88 ... _ 

HillUlSIft 


D615-10009 





The intermediate range numbers (~10 to 100) provide sufficient circulation 
options to mitigate boredom, without incurring an excessive hardware penalty. 






















Geometry Metric Analysis 
"Scale Factor" 
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With increasing crew size, tunnel options 
provide potential for greater variety of spaces. 





Activity & Proximity Analysis 
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The proximity analysis provides the basis for developing interior configurations which work and 
which address the unique requirements of long-duration spaceflight 
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Reference Configuration 
12Sg2-4/5 
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Reference Configuration 
12Lg3-h 














Opinion Survey Results 
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MTV Hab Trade Weight Groundrules 




Pressure Vessel Mass Analysis 
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Pressure Vessel Mass Analysis 
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30 pressure vessel concepts were weighed, covering a wide range of sizes, types and configurations 







4.4m-diameter Module-cluster Mass Analysis 
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4.4m-diameter Module-cluster Mass Analysis 
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7.6m-diameter Module Mass Analysis 
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10m-diameter Module Mass Analysis 
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lOm-diameter Module Mass Analysis 
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Reference Concept Mass Analysis 
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Outfitting Equipment Mass Estimation 
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D615-10009 (continued) 
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Outfitting Equipment Mass Estimation (2) 



M equip = 2724 + (1909)E + (I9I9)N + F + (I633)M + (I.43)Ap + (14 J)Af + (17)P + (I0)NM 




Long-duration Module Outfitted Mass 
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Long-duration Module Outfitted Mass 
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Habitation Module Fabrication Technologies 
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Habitation Module Fabrication Technologies 



Metal matrix composites 
Organic matrix composites 





Habitation Module Fabrication Options 
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Organic Matrix Composites 
Metal Matrix Composites 
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Organic Matrix Composites 
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Metal Matrix Composites 





Habitation Module Materials Technologies 
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Habitation Module Materials Technologies 
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missions, the interior outfitting configuration must compensate carefully, to mitigate perceptions 
of a severely limited habitable domain. 
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Module Concept Selection (2) 





on 

3 

O 

"5 

08 



3 as 3 *5 fe 

spis 


4) <U 


c n 11 

5*sS.3 




QQ 

| 

1 


i 

* 

8* 

8 

«2 

U 

g 

JS 

8j 

a 

u 

a 

o 

u 

8 £ 

.« * 
4> 

S * 


§ 

2 9 

a 3 
08 « 


2 

08 


* 

O 

%m 

00 

. c 



I 

U) 










0815-10009 




Evolutionary Lunar and Mars Options 
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LTV/LEV Concept Constraints 
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LTV / LEV Concept Constraints 



• Growth capability (ganged LTVs for evolutionary architectures, higher energy 
or alternative missions) 



Propellant vs. Inert Mass for Lunar/Mars Vehicles 
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Propellant vs. Inert Mass for 
Lunar/Mars Vehicles 


09 



• Data developed from stages designed in STCAEM study 

• Linear regression allows parametric sizing 

• Mass = 2500 + (0.0875)(Propellant capacity) [kgl 




Lunar Modes Performance 
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Lunar Modes Performance 

Crew Mission, 11 Payload Returned 
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Note: LTV crew cab mass 8.051; LEV crew cab mass 3.51. 
Isp 475 sec. 
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Lunar Modes Performance 

Cargo Delivery Mission 
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Lunar Orbit Bolo Concept 



est. 2000-700 velocity 

=1300 1629 m/s @ 

circular 




Minl-MEV Concept 
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Mini-MEV Concept 



Early, scaled-down Mars mission also feasible (e.g 
opposition opportunity 

Potential commonality with LEV 




Space Transfer Design for Commonality 
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Space Transfer Design for Commonality 












































LTV/LEV Configuration 
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LTV/LEV Configuration 
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LEV Surface Configuration 
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Mini-MEV 
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Aerobrake Configuration 
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2016 NTR Vehicle Mission Profile 
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2016 NTR FLIGHT TRAJECTORY 
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2016 NTR Reference Trajectory 
Boeing #2 Modified/ 464 day / Venus swingby 
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70'S NERVA ENGINE 
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Advanced Propulsion System Characteristics 
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Advanced Propulsion 
System Characteristics 
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NTR Solid Core Fuel Element Temperature 
and Endurance Limits 
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NTR Solid Core Fuel Element Temperature 
and Endurance Limits 



Source: Nuclear Space Propulsion, Holmes F. Crouch,1965 David S. Gabriel, Statement to Committee on 

Aeronautics and Space Sciences, US Senate, 1973 





NTR Vehicle Isp as a Function of Hydrogen Temperature and Pressure 
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The same data as above, plotted vs chamber pressure on the x axis. 



NTR Vehicle Isp as a fuction of Hydrogen 
Temperature and Chamber Pressure 
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HYDROGEN DISASSOCIATION 
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2016 Mission Mars NTR Vehicle Comparison to Reference Chemical/aerobrake Vehicle 

Five NTR propulsion Mars vehicle design concepts tailored to the 2016, 434 day mission trajectory are 
shown below, with pertinent performance characteristics, for comparison to the 90 day study 
chemical/aerobrake reference Mars vehicle modified for the 2016 434 day trajectory for a fair 



These NERVA and NERVA derivative vehicles all use single 75k lbf thrust engines. The LP vehicle has 
three 25k lbf thrust engines and all vehicles excluding chemical/aerobrake utilize multiperiapsis bum 
departures leaving Earth to reduce finite bum losses. , 



2016 Mission Mars NTR Vehicle Comparison 
to Reference Chemical/Aerobrake Vehicle 
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2016 Advanced NERVA NTR Reference Vehicle Sensitivity to Isp and Engine T/W 
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Multiperiapsis Earth Departure Burns 
For Moderate to Low Vehicle T/W 
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Nuclear Systems/Nuclear Solid Core Reactor 

Unique Issues 
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shadow shield configuration 
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NTR Shadow Shield Configuration 
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NTR VEHICLE CONFIGURATION OPTIONS 
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(c) use advanced materials such as metal matrix composites to keep the tank 
fraction as low as possible 

Other Issues include: Providing for tank release and jettison, minimizing and facilitating on orbit assembly, anticipating 
meteor shielding requirements (with or without a protection hanger at SSF), vehicle return for reuse 
refurbishment/resupply issues, artificial g accommodations and others. 











Mars NTR Reference Vehicle Weight Statement 


* 


00 

c* 



I 

# 


0615-10009 




D615-10009 


s 


1 

a 


ja 


£ 


D615-10009 



I 




original page is 

OF POOR QlJAi.rrv 





s 



D615-10P09 



Mars NTR Reference Vehicle: MEV Descent Sys 
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Advanced NERVA NTR Reference Vehicle: 
MTV Transfer Crew Module_ 
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Optimum Mission Parameters for Various 

NEP Vehicles 



Heliocentric Travel Time (days) 
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Summary of Space Nuclear Power Systems 
Launched by the United States (1961-84) 
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Nuclear Safety Operations 
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Nuclear Safety Operations 



♦ Graph redrawn from "Radiological Assessment of Space Nuclear Power Operations from Space Station Freedom". Wesley el.al 
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Nuclear Safe Orbit Considerations 
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Increased NEP Reliability 
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Decrease Mars Stay Time 

Decrease Mars stay time from 30 days to approximately 25 days 
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NEP Configuration 
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Principal Findings- 


in 

N 




A total vehicle alpha of ~12 kg/kW(includes 20% contingency) is reasonable 
to assume for a 10 MW NEP vehicle. 
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Advanced Propulsion WBS (cont.) 




Fusion Rocket 



SEP Configuration 


( 


•o 0 > 

£ o 

fl 

S3 

S <g 

Jl 

00 “ 

C 3 — 

«C 

1 < 

«1 

ill 

O Q« — 

3 2 ! 

g,sl 

e I 8 
°*i§ § 
.2 • § 

I Si 

« i'C 

Si > 
> « 
>% S 

si' 

I s ? 

^ S S 

K.2.S 


JS 

O 

09 


€ 


u «.a 

£ s -5 

fi 

rj S 

C 8 w — 

•84a 

jri* 

•jT di 

£ « «Q 

= *5 «5 

111 

all 


« a nnn 1 a 
































Jg 



D61S-10009 






























































































































1)915-10009 











































































































































































JS 

ff 




D615-10009 




POOR QUALITY 


6000I-SI9G 













































D615-10009 




D615-10009 



























































































































jg 

s 


D615-10009 














































































































































































s 

01 




D615-10009 

















o 

•c 


il 


is-r 

5 •a £> 


4> -g « 

■S E .s 

£ sl 8J*8 -12 « 

“'".SOu a® u 
O ^ >»x! o u 

rrl’^ggo.rlt.iSCL 


BJ 

o 


> 

o 


I 

8. 


G 

•o „fi § 

-I’S saw a 

«o Kt "2u w Oflfi^ 

u» o c « S?j5 -S 

i l’H22 k fia 

a« fks 3 sci-j 


8 o ^ 
« 5 8 g 

**■ •r« *p3 

c “ e 


V 

> 


a * * jg * 2 «s g» * 

■aI f^fl - el 

• s •« g,< 3 g | 

= il fc l 8 s]U 

S-i S o i Jj« g- a 

O J2 •*§ S 00 g> co J{ 

g .* 3 £ i a g£ a g « 

- " S *£ » g &g * 

is 

OJ g 
•e 


§11 111 ! 

S|fsl|*o . C( 

“ISllS-ficaS! 

Il 14 jS 2 s 


«jc ^ cg 5 * w J3 

sill 


S'ls 1 »i:lsl 

G O _ .G _ o O ► .G 


— «8 

£ » Q. u 

^ ^ — *S *—3 o 

l^lllilii 

tt fill!" 

lllllde 

•2 O 5?m ^ 


s; M u CLW _w 
8-0 8-§§| 
s«q v £"t'S 




12.13 



Spiral Time Analysis for Earth Spiral 
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Solar Array Mass Trade for Earth Spiral 
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Mass of Expendable Array Scenarios vs. Reference Cases 
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Mass of Expendable Array Scenarios Vs. 

Reference Cases 



Chent/AB SEP SEP SEP SEP SEP 

Reference Reference 3 MW 4 MW 5 MW 6 MW 

Chem Transfer Transfer Transfer Transfer 

Boost 221 days 124 days 80 days 55 days 



Mars Flyby: Inertial Reference Frame 
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Mars Flyby: Inertial Reference Frame 
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Mars Flyby: Mars Reference Frame 
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SEP Trajectory with Flybys 
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MTV/MEVAerobrakes 
30 x 27.4 x 7m thick 
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Off-SSF Assembly Node 

Assembly Platform vs Integral MMV Assembly 
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ET Debris Shield Assembly Sequence 



Continue MMV assembly 

Upgrade/relocate subsystems as MMV buildup continues 
Resupply consumables 





nfiis-mnng 




- MEV Aerobrake Sections 

- Assembly Platform Support Equipment 




OUUUi a i oxa 



MMV Manifesting (cont'd) 







o 

00 

3 

c/3 

m 





ORIGINAL PAGE IS 

OF POOR QUALITY 




Orbital and Spaoe-Baaed Rcqtu 



MMV Assembly 

HLLV Manifest Assumptions 




f 

13 

c 

<u 

■a 

o 

Oh*o 

J CO 

M 

> m o 

J X fl 
J in <5 

DC r4 rt 

<u ^ ^ 
w> 

e« 

4-i 

CO 

<N 


CO 

X 

cd 

13 

.s 

T3 

a 

*5b 

c 

o 


•al^ 


etf O 

CO ^ 


4 _ _ 

§§§ 

os .aa *s 

ft 

8 ^ 03 

’O O o 


ri 




D615-10009 





nfii^-innna 






e 

<u 


N 

• 

to 


'— QJ H 

cc o* 

g 5 s 

4> >> 

£3 w JL* 

c« c3 

>% 8 c 

c« O C 

</> 
09 

cS 

o 
60 
ca 


St-« 


ea- o 

s & 

O s 
oo > 

e Si 

0K •" C 

ai o) 5 

•a -at 

I Iff 

S S4> 

ea ea .O 

> > s 

h e 8 


6« 


e 

cd 

1 

I 

* 

G£ 

<o 

.s 

ff 

« 


I 

13 

§■ 


g *-* 

'ts a a 

EJ « 2 2 

4 a H H 


I- 


ra 


m 




\o 


00 


05 


i 

in 

co 

Q 


TMI propellant 


w 

to 


& « 2^ 
73 .ti P c3 

l-g |s 

o o o -9 

S jO G 

g ai o 
2 § .§ 11 

S 3 § o *8 

a*2ia 

Fl^E 

* s s *8 i 

&«- ° a * 
S' fl C O U 

O* S .2 to I 

a>^|§ f 

•S c.S- « g, 

I s .a ■a & 

© X +* C "O 


-Sfc a-sS 

si ill 

c ^ u c E 

c iS £ is 

> O > V rn 

I ills 

«. *c *s S « 


*® 5 ?3 ^ 

« 31»s 
1 3 g’S t 

4> O W 3 

§,•55 E g 

111 u 

£s S.S4S 

is|a« 

C B 
ft,d ®* C 2 


C« 

s J 


°0 *:3 c* 

5 17.8.* 

>.<2 3 e* 

a a £•§ § 
Is a § g 

.5 it* 8 g< 
S.Et»S 


ll 


l|«g 


£ W 

•5 £ 

Da 

£ 3 

32 

P o 


00 u 

c ^ 

.5 v 

& « 

CO A) 


I £ 


U o 
U <N 


1 ,2 2 s 

i 1 ! 

» r - p 

< :c c/i 


z S 


0615-10009 






ORIGINAL PAGE IS 

OF POOR QUALITY 



















Ijoa j-10009 




D615-10009 


































On - Orbit Assembly 


I 

« 

r 



0615-innno 



I 


s 

GO 

<*! 


c 

O 




ORIGINAL PAGE IS 
OF POOR QUALITY 


D615-10009 









































On - Orbit Assembly 





13.29 




OF POOR QUALITY 


ORIGINAL PAcic i* 
OF POOR QUALITY 


D615-10009 




n 

tn 



cd 



D615-10009 




D615-10009 




































nait-innnQ 



MTV HABITAT MODULE 



ORIGINAL PAGE IS 
OF POOR QUALITY 


D615-10009 13-33 











- Orbit Assembl 


3 


| 

CO 

GO 


C 

o 


>» 

i 

CO 

a 

i 

! 

< 

13 

s 

<U 

€ 

60 


1 


t 


co 

I 

o 

•—I 

I 


£ 

P 


D615-10009 





ORIGINAL PAGE IS 

OF POOR QUALITY 


D615-10009 







riAiq.innnq 




MKV AEROBRAKE MISSION QNE 



% 


ORIGINAL PAGE IS 
OF POOR QUALITY 


D615-10009 




0015-10009 



ORiGi^AL PAGE IS 
OF POOR QUALITY 


D615-10009 






















































I 





D615-10009 






































ORIGINAL PAGE IS 
OF POOR QUALITY 


D615-10009 




i 


D615-10009 





MBV afrobrakf. MISSI ON TWfl 



ORIGINAL PAGE IS 
OF POOR QUALITY 


D615-10009 





1 


D615-10009 



ORIGINAL PAGE IS 
OF POOR QUALITY 


D615-10009 










































1 

3 



o 

8P 

a. 




ORIGINAL PAGE IS 
OF POOR QUALITY 


D615-10009 
























nfiit;.in009 




D615-10009 














On - Orbit Assembly 



D615-10009 







rn 



ORIGINAL PAGE IS 
OF POOR QUALITY 


D615-10009 



















c 


615-10009 




D615-10009 







On - Orbit Assembl 


>% 





nfilS-10009 13.47 







pi 







9 . 

<n 


C-(c 


ORIGINAL PAGE IS 
OF POOR QUALITY 


D615-10009 















D615-10009 




D615-10009 





















D615-10009 



On-Orbit Assembly 



ORIGINAL PAGE IS 
OF POOR QUALITY 


D615-10009 





neK.mnnA 133I 



ORIGINAL PAGE !S 
OF POOR QUALITY 


D615-10009 












t 

3 

c 


I 


1 

O 

i 

90 


ncic tnnnn 




D615-10009 





















B 


60 

.S 

I 




2 

.s 

I ~ 

4 so 

I S' 

i g 

>» c 

C/5 *2 
u g 
U o 
•3 o 

II 

•« o 

g ts 

§ & 

if 

o 2 

X *PH 
+>» 

g 2 
!!• 
li 

•S-g 

1 e 

eu g 

8 * 

1*1 
‘o § 
co 


I 


09 

&> 

OD 

3 

Cu 


D615-10009 




D615-10009 
























1 

3 

« 


! 

i 

i 

CO 


D615-10009 





















On - Orbit Assembly 






D615-10009 



MARS SURFACE PAYLOAD 



ORIGINAL PAGE IS 
OF POOR QUALITY 


D615-10009 13£8 






















D615-10009 




QZQ&-. l IS 

Cr POOR QUALITY 


D615-10009 










On - Orbit Assembl 


>% 








co a 

s.s 

ii 



rtfiiB-innoq 13.60 



HI I V MISSION FIVE 




OSJGIiv. l PAGE !Si 
OF POOR QUALITV 


D615-10009 




1 


D615-10009 




MTV AEROBP AKE MISSION ONE 



























s 


D615-10009 




3 


C -' AL PAGE 

OF ; JOR QUALITY 


D615-10009 











































D615-10009 






D615-10009 

































1 



D615-10009 


















D615-10009 



ORIGINAL PA 
OF POOR QUA. 


















































D615-10009 




D615-10009 





















D615-10009 




D615-10009 








































D615-10009 

















On - Orbit Assembl 



t 


13.7§ 





D615-10009 


























D615-10009 




MTV TEI PR OP1II.SION SYSTEM 



OiuUi, f ’/F !$ 

Of POOS QUA. 


D615-10009 





1 


p 


D615-10009 




D615-10009 






































*3 

o 

a 



.s 

>» 


s 

1 

Cfl 

i 

I 

s 

>% 

C/5 

e 

c 

! 

o 

CO 

1 


al 



s 

a 


D615-10009 




... ;>AGC fo 

Of POOR Q4JAUTY 


D615-10009 *3.75 

















D615-10009 




D615-10009 




















On - Orbit Assembly 


. i 

l i 
o I 

& i 

M & 

1 5 


1 i 

t I 

2 e 

E 2 
8 ‘2 


^ o 


nmq-mnna 13.77 




ORIGIN - PAGE IS 
OF POOR QUALITY 


D615-10009 J3.78 

















o 

I 


D615-10009 




ORIGINAL PAGE IS 
OF POOR QUALITY 


D615-10009 



















On - Orbit Assembly 



D615-10009 



HU V MISSION FIGHT 



Or?!G'NA.L PAGE IS 
Or POOR QUALITY 


D615-10009 








D615-10009 



SVA/ 



CRiC rJAL PAGE IS 

OF POOR QUALITY 


D615-10009 13.82 












D615-10009 




D615-10009 

























D615-10009 




D615-10009 


















0615-10009 




D615-10009 































D615-10009 




D615-10009 
































D615-10009 




D615-10009 


















J3 


| 

.s 

u 

I 

09 

S 


0615-10009 




r QUALITY 


mi 6000I-SI9U 





On-Orbit Support Equipment 



U 

> 


Gft 

5 
o£ 

6 
e 

3 

cw* 


5 

9 

a 

s 

s 

i 

i 

s 

u 

i 

s 



M 5 

2s s-o-S «•$*© 

sj &§•! | 1 § if 
si lfil-l.g-3 1 i 



00 


gt^iJliiflf J 

|S*«« 8 = |yS ( g;^9-| 

fuj|mf|g£j 

Jl!i||ll|l||| 

•3 g i o S"© ° 

•J s 11 | s 8 

oJ3J34:i8J®£^ij=J5 




s 


a 

c 

c 

c 


u 

* 

c 

C 



On-Orbit Support Equipment 



* 


MEV Robotic Assembly 














On-Orbit Support Equipment (cont'd) 




On-Orbit Support Equipment 



MEV Robotic Assembly 



On-Orbit Support Equipment (cont'd) 




D615-10009 











§ 

d a ^ 
if g 
s 24 

.SU^ 
S 2 u 
.2 T3 S 

1 a | 

%_> .§ M* 

£ « 3 

g i 5 co 

2 § g 

< « E 

a §5 

«*2t3 

1 S s 

s ^ 3 
•gas 
|u 8 

«S m co 
2 « <! 
.g 55 J 

g *3 a 

S §S 

ill 

a -^3 

.2?; 

8 £fi 

*SJ 

Owe 
>, « O 

ll S 

E 

2 £ p,*g 

ill 

■fic< 

2 i| 

O 3 *c 

r *h 


If a 

i 

.2 8 8 

£ c ^ 


a jg? 

*2 Ss S 
« £ 3 

5£1 

O’O S, 

as| 

GO « *5 


*o 

8 

•c 

3 

GO 

> CO 

8 *2 

a 

c§ M 

2 >5 

a C3 

> 3 O 

CO T* 


25 L- ^ 

G *0 eg eg 

= 8?» 


£ “ 

§2 


■ 8 S| 

>.«! 

31 8 
E z « 

SS< 

GO *5 *G 

< = § 

81 ! 
U. ^ CL. 

o c a 
« o ^ 
2 '§ si 

II 8 

ill 

|li 

Is | 

il o 

ill 

® * •£ 

£ 15 
1 |S 
&S £ 


<^g 


ill 

#33 

3 < < 

1*1 

96.1 

635 


D > 

C ? 

I 6 . 2 

i g s 
8 u- "g 

§ wS 
•S 42 e 
O -g .3 

? I* 

z gfc 

J£*U 5 

_o _, « 

ill 

hi 

l *2 

ilf 

f S J 

!<•§ 
= a> .2 

O JS «« 
~ *5 >> 

-DCs 

*3 I - c« 

8 jl 

5*1 

ill 

JW 

|Jf 

i«g| 

42 < op 

ill 

o « ’O 

e .a b 
55J 
ta S )3 


2e2 

•3 O 

5 05 <2 

If.I 

ill 

S3 g* 

co O 

< S o 
fa 3 )S 

* 2.8 g 
• 3 -s 8 - 
^2 a 
§ * a 

< >» |* 

•sis 

§§~ 

C w co 

* 3 * *w> 

[S -■ s 

»a» 
ill 

§.§£ 

+* 

gay 

«g a 

e S » 
§ w oo 

»fc *s *| 

I? 15 

£'«^ 
O M 

si£ 


•8 2 
sjj 
a | 
■as 

G *0 
co . 


tfi 

hi 

60 

8 H 1 
a § s 

1 S.£ 

g 60 P 

G tH 

•822 

III 

lit 


a £ 

CO 5 
>> o 
CO g 

o 

•£J OJ 
© co 

OC ’So 

•it 

I w tf 

8g| 

&o 9 * 

^ co CO 
car, 
oos 
o *s <g 
« eg Z 

o) 1 . T 3 

'S&l 

iff 

111 
o 2 c 
> ®2 

«3l. 

191 

§ 5 *3 


111 

iif 

8 p «4 

s a 

•IM *** ^2 

! i i 

E -23 < 


s ** c l 60001-S19Q 



On-Orbit Assembly Summary 



Lights and Video Monitoring Equipment 





Issues and Concerns 





D615-10009 




D615-10009 13.98 



60001-919Q 



Jerry McGhee 



, 

OA 

< 


4 > 

Vi *- 

g »3 

a » o 

| gs 

SiSS 

m 

ill 


_ « 

y Vi 

« 3 j* 
H 2 u 

« ,*5 ;2 

asg 1 


o 

"3 
► 

4 ) 4 ) 


► © •§ 
«*s s 


©D 
© 

© J 2 C 

S M fl .5 

XI XI XI "tS 
W MU 5 


D615-10009 




Critical Lunar/Mars Reference Technology 
Development Concerns 





Critical Lunar/Mars Reference Technology 
Development Concerns_ 


1 13 c 

§ ‘C fa .2 

5 t o 

S 5 ^ a 
g cn o 

■o E S'S 

sgl| 

jii 

« ” s-s 

«£ « n . 
e.2P!2m s 

I S’ll I 

2 2 > S “ 
S ui 25 « 

*8 is- a « U 

i s llz 

< g S-io 

.e’§ 2 ® 
o— £ 

S e *s m r 

5 81-8-s 

*iss* 

s s §34 

i 8 .S* I 

JS ~ : G cd 


gf&lfl 

E£ o « S 

w . T3 ■§ .a 

S I « a- 

S ®3 

*§ XS ** *43 >> 

cd C .52 JS 
o 3 3 x o 
5 h W 2 o 'O 


« s 

W) ^ 

s i 
s j 


•| i 

1 1 

g* c£. 

43 a 

JS js 

2P M» 

2 a 

2 to 


JS > 
W> 5 

£ 3 


t'-Sf 
’ aB| 
§* o 

is S’ 

l*s? 

O Cub 
•^5 0 
2 f> c «<2 ^ 
.s a *T 3 oo 

S ill 


o 0 > , 

Hi 

I 

§£•- 

111 

••a‘s " 

B *>g 

O.C rt 

aj *C 2 

i g 8 

«JLsr 

bfc 
,2 o j 
*3 O O 

<8 = a 


CO 

d 5 

UJ .2 


ii, 
„ » ii 

g afl"g 

I Is!•§ 
1 1 i I § 
P < B .«1 

2?g 

5 1 . 2 P£ 
SfkP 

fib iii 


Mm 

ai 


C to 
s PU 

g P CO 

§*x> s 

gS £ 

sss 

w NO 

§ i cn 

o 1 

gOio »r> 

C H 1H 

W 

8 g § £ 

S.’ap’^'g 

w § § s 

*o o s *5 

a sis 

•6 ' ’ 

< 


CQ JS 

U CO 


8 ^ 




Preliminary Identified Lunar/Mars Reference 
High Leverage Technology Issues 



r\f*i c « nnnn 



Preliminary Identified Lunar/Mars Reference 
High Leverage Technology Issues 





Required Technologies vs. Alternative Mission 
Architecture 




14.5 



Required Technologies vs. Alternative Mission 

Architecture 



Lunar/MarsI 
I tentative Archil 


Required Technologies vs. Alternative Mission 
Architecture (Cont.) 



D615-10009 



Required Technologies vs. Alternative Mission 

Architecture (Cont.) 




- Enabling 

- Enhancing 























Required Technologies vs. Alternative Mission 
Architecture (Cont.) 



S «£ O 

if 

§ 2 

21 -a '§ -S 

a 1 a* 

I'll 2 

o-i: u « 


§ 9? 

00 

O S g >N 

c**5 g 3 
u £ 5 c 

|Sg.s§ > s§s 

C fl\ M A * 

- g ftg 

»-• .2 to ” 

o ts 5 £ 

■ O* O o 


CO 

00 


S g 5 

a J 3 >< 

5 o.S s 

W « 2 «« 

b-°M | 

Mil 

ag o| 

8 '-.si 

« g •p «* 

it S e 




&831 


60001-SI9Q 



Required Technologies vs. Alternative Mission 

Architecture (Cont.) 



Lunar/Mars I 
Alternative Archil 




Required Technologies vs. Alternative Mission 
Architecture (Cont.) 


W 


nfiis-mnno I4.il 



Required Technologies vs. Alternative Mission 

Architecture (Cont.) 



ORIGINAL PAGE IS 
OF POOR QUALITY 


D615-10009 
















Technology Task Continuing Work 



J § — 
•o •§ | c 

9 III-S 
t*l i! 

111 i rf 

“•O « §‘•5 
S o 

i* 



8 


a | s ■s i 

if s s| 

o >, 


■a • 

, o ss»l 

s«f §1 S' 

fill Si 

I S| gji | 

is Sf“g 
£ p S 2 s £ 

“S SS1§ 

S a * . 5 £ 

® s , s| 5 'i 

l!i|i 

>* O &•- « u. 

itisii 
§« 2‘8‘sl 


oo 



14.13 



Technology Task Continuing Work 



. Additional screenings based on affect on IMEO, availability, or technical feasibility 
• Return on investment analysis for high leverage technologies 



Mars Reference Vehicle Technology 
Requirements 
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Mars Reference Vehicle Technology 

Requirements 



10. In-space changeout capability. 

11. Off vehicle preflight checks. 

12. No retraction / extension required. 





Mars Reference Vehicle Technology 
Requirements (cont.) 






Mars Reference Vehicle Technology 
Requirements (cont.) 
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Mars Reference Vehicle Technology 
Requirements (cont.) 
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E. Power 

1. Level-15 kW. 

2. System: Solar arrays with battery storage (NiCad). 

3. Back up system: NA 
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Mars Reference Vehicle Technology 
Requirements (cont.) 
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Mars Reference Vehicle Technology 
Requirements (cont.) 



3. Nozzle area ratio = 200. 

4. TTirottleability = 15:1. 
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Mars Reference Vehicle Technology 
Requirements (cont.) 
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Mars Reference Vehicle Technology 
Requirements (cont.) 
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Piloted Rovers Technology Needs Study 
Program Master Flow 




























Piloted Rovers Task 





Piloted Rovers Task 



Vehicle Requirements are being identified 

Payload weight and size 

Distance traversed and time to perform tasks 

Duty Cycles (charge/recharge requirements) 
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Top Level WBS Update 
Lunar Mission Vehicle WBS Update 
Cost Estimation Ground Rules 
Cost Analyses 

Element / Mission Schedules 
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WBS / WBS Dictionary Status 
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Lunar Mission Vehicle WBS Update 
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Cost Estimation Ground Rules 
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Mars Vehicle Hardware DDT&E Cost Summary 
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Mars Vehicle Hardware Manufacturing Cost 

Summary 
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Mars Vehicle Total Cost (Hardware & Support) 
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Element/Mission Schedules 



First Release Scheduled for April 30,1990 
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Evolutionary and Innovative 
Architectures 



Overarching Goals for Evolutionary Architecture 
Objectives of Evolutionary Architecture Analysis 
Lunar / Mars Sep Transportation Infrastructure 
Innovative / Evolutionary Architecture Themes 




Objectives of Evolutionary Architecture Analysis 
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Objectives of Evolutionary Architecture Analysis 
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Overarching Goals for Evolutionary Architectures 
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Overarching Goals for Evolutionary Architectures 
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Innovative/Evolutionary Architecture Themes 
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ORIQSMAL PAGE IS 

OF POOR QUALITY 


No new technology Is off limits If It can be quantified on englneerlng/scientlflc principles. 
(For example, mass drivers and ram accelerators are much more quantifiable than 
gas-core rocket) 




Candidate Alternative Architectures with Focussed Themes and Premises 
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Candidate Alternative Architectures 
with Focussed Themes and Premises 
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Candidate Alternative Architectures 
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— — — STCAEM/grw/19MAR9© 


|. 

v w a 

■g 3 2 q. 

1 s H J- 

s « . s 

x eg | 

x « Z b 
^ a U «5 

g 5 £ a 
■“ 2 ^ *= 
S S 9 s 

s Si-S 
is|s 

W g M <LZ 

uSa. S 

> =H Z 

»l2i 

£ 3 “JS 

flQ h U ** 

2 % % 2 
x e © 2 

H a. 0.2 


an 

►i 

05 ta¬ 
la o 
b a) 
® oe 
u s 
« 08 

© *- 

W 4> 


S'S g 

?|c 

4 ) — S 

oi) o -S 

U OB 

(to M u 

O O J) 

> 

«T g 

S'* I 

u g © 

i: 5 © 

5 b != 

| aS 

§.*© *!§ 

« £ 2 

S S-c 

c 5 b.cs 

JB 

4 ) «S QO 


a> 

© 

* 2 OS , 

s £ j: 

1 ir 

« £ ^ 

S b. s 

to « O 

s £ *55 

■“ 2*3 

N Ug< 

e © 
a> n a, 

«x 8 

« g§ 

2 §1 

g §“ 

b to O 

• a 2 
5® 8 
2 £2 
S es 

hS “ 


oa «3 
u 

cs 

s ! 

5 8. 

tto b. 

2 s' 

s JS 
&E 
* = 

2 S' 

08 ^ 


•S 3 


01) 

e u 

i g 
► 2 
•Co 

Jc $2 

5 ® 


■g a> e 
g 2 co 

Ska 

£*■0 W 

figw 
a J & 

i f? 

32 S 


* 

s > 

2 a 
2 2 
E« 

*8 "g 

2 | 

La u 

■Sid 

a B Si 

O QB 

§21 
2 3 ® 

,►»<» 8 
bn O -«S 

• B So 

32 2 


Bfi 

is 


«r c © 

x g® 

2 5* 


X ®-*g 

2 8 § 
© 3 •> 

08 «3 wa 

•la 

u u w 

w go 

* *3 B 

H 3 4 > 

g £ 00 

iss 


■5, 

O 

kX 


O ' 
u 

cs * 


options for early lunar-derived Earth. Depending on the lunar biomass balance, 

mission, evolving to L2 Mars node and the availability of volatiles resources on the 

supplied with lunar oxygen by Moon, MTV waste disposal on the Moon and 

lunar surface mass driver. food and atmosphere resupply from the Moon 

may also make sense. 
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Mars Transportation Propulsion Options for Alternative Architectures 
A key factor in defining and selecting propulsion options is the pertinent operations modes. 
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return to the same Mars orbit on every mission, a flight mechanics constraint not otherwise 
imposed. Reuse of the MEV imposes mission delta V penalties yet to be determined. 
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Mars Transportation Architecture Options 




Fully Reusable Cryogenic Aerobraked System, Split TMI Burn (Modes 3 and 5) 
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Fully Reusable Cryogenic Aerobraked System, 
Split TMI Burn (Modes 3 and 5 ) 
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NTR 900 Isp Staged Tanks and Engines, Mode 6 
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Mode 6C: Core stage propulsive capture 
to HEO; habitat and crew return to LEO 
by aerocapture. 





nftm.innno 



Lu nar /Mars SEP Transportation Infrastructure 




NEP Operated from High Orbit, Modes 14 and 15 
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Preliminary Architecture Schedule and Manifest 
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Preliminary Architecture Schedule and Manifest 
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Evolutionary Program Commonality Matrix 
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